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(54) Title: OHMIC CONTACT FOR P-TYPE GaAs 



(57) Abstract 

A low resistance contact for p-type GaAs is 
provided by Pd/Zn/Pd/Au structure 1. The contact 
is suitable for device substrates having carrier concen- 
trations in the range of about 10* 8 to about 10 20 cm* 3 . 
The ohmic contact has a Pd layer of depth 3nm to 
15 run, a Zn layer with a depth of between 5 nm 
and 40 nm, a second Pd layer with a depth greater 
than about 50 nm and an An layer with a depth 
greater than about 300 nm. A preferred construc- 
tion (1) is 5 nm/ 10 nm/ 100 nm/400 nm of Fd/Zn/ 
Pd/Au. The ohmic contact deposition must be fol- 
lowed by annealing, with preferred annealing carri- 
ed out at a temperature of about 200 ° C. Annealing 
times are dependent upon annealing temperature, 
with a typical minimum annealing times of greater 
than 5 minutes at annealing temperatures of about 
200 °C. 
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The invention will now be further described by example only with 
reference to the following figures: 



Figure 1 shows in cross-section a preferred ohmic contact 

construction wthin a typical device structure requiring 
such an ohmic contact. 

Figure 2 is a schematic representation of th erm al evaporation 
apparatus used to deposit the ohmic contact metals. 

Figure 3 is a graph of a typical temperature profile of heating and 

cooling a graphite strip heater. 

Figure 4 is a histogram of a typical spread of contact resistance 
values for an ohmic contact of the construction shown in 
Figure 1. 

Figure 5 is a histogram of a typical spread of specific contact 
resistivity values on the same ohmic contract as that 
measured for Figure 4. 

A cross-section of the preferred construction of ohmic contact 1 can be 
seen in Figure 1. The ohmic contact comprises a first Palladium (Pd) 
layer 2 of 5nm depth, a Zinc (Zn) layer 3 of lOnm depth; a second Pd 
layer 4 of lOOnm depth and a gold (Au) layer 5 of 40Qnm Pd/Zn/Pd/Au 
ohmic contact. Device wafer 6 is made up of an n-type GaAs layer 7. an 
n-type GaAlAs layer 8, a thin p-type GaAs layer 9. an n-type GaAs 10 and 
a semiconducting n-type GaAs substrate 11. This type of layer structure 
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ffflMTC CONTACT FOR P-TYPE QaAs 



This invention relates to ohmic contacts for p-type QaAs devices. 

GaAs is a preferred material for manufacture of high speed devices such 
as bipolar transistors* hetero junction bipolar transistors* and p-i-n 
diodes. P-type GaAs and GaAlAs is also often used as thin layers in 
multilayer devices. Th±s means that in addition to requiring low 
contact resistance* in order to maximise efficient use of the higher 
operating speeds possible for devices made of such materials* it is also 
preferable to keep contact alloying heat treatment temperatures low so 
that inter-layer and intra-layer diffusion is minimised. 

R C Brooks et al (IEEE Elect. Dev. Lett. Vol. EDL-6(10) p525 1985) 
detail typical specific contact resistance values of ohmic contacts for 
p-type GaAs using a Zn/Pd/Au metallisation. However* although specific 
contact resistances as low as 7 x 10~ 7 cm 2 were achieved in material 
wth 2 x 10 19 cm" 3 doping* the heat treatment temperatures needed for 
these values were in the range of about 420 °C - 490°C. 

In 1989 Yicheng Lu et al (J. Electrochem. Soc* Vol. 136* (10)* 
P3123* 1989) used p-type GaAs (3 x 10 17 cm" 3 ) and Au/Zn/Au contacts to 
achieve specific contact resistivity of 3-3 x 10~ 6 cm2. This value does 
not at first appear to be as good as that given by Brooks et al (Supra). 
However* it must be noted that these contacts are made on much lower 
doped material. As a general rule* the higher the material doping then 
the lower the value of contact resistance. Also* the specific contact 
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^tivit, or 3.3 .10- — • a - — " ' 

no co " ectlon ; 

by Brooks et al. 

to otto to acHeve t>e opti^ cont~t resistivity Yichea, U. use, a 
M sttg e ^at » pro~aa of pre^atias « 35o'c for 15 ~c-ds 

t .i M tool Pays. 53(11) • P3783. 
Alternatively, C Mx.n-Chev.l~r et al (J. Appl. Phy » 

1986 ) used M*a as otaic contacte. In the dopia* ranse of * to 10 

tte specific ooataot resistivities «riad tat— 

10 -, c* respectively. ». -tacts had all nndergone con«ct 
alloying heat treatments at H50°C 

«1 (J of Electr Mats 1* (3) P225 1990) 
Most recently R Bruce et al. (J or isie 

ported a low resistance Pd/Zn/Pd/Au ohmic contact for p-type GaAs. 
^ contacts were forced by the sequential electron-beam evaporation of 
10 nm Pd. < 50. Zn. Pd and 40H-AU layers on OaAs with a doping 
level of 5 * l* 8 Minimum contact resistance of 0.« - 

intact resistivity of < 1x10- -cm>> -as obtained fro, such 
P d/Z n/Pd/Au contacts which had been annealed at 500 C for 30 seconds. 

It is the object of this invention to provide a low contact resistance 

„ _ - ..type GaAs which nay be made using low contact 
ohmic contact for p-type 

alloying heat treatment temperatures. 
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According to this invention an ohmic contact for p-type QaAs comprises: 

a Pd/Zn/Pd/Au obmic contact 
characterised in that 

the ohmic contact has a construction of a first layer of Pd with a depth 
of between 3nm and 15nm, a Zn layer with a depth of between frm and 
ijOnm, a second Pd layer with a depth of greater than about 50nm and a Au 
layer with a depth of greater than about 300nm. 

Preferably the second Palladium (Pd) layer has a depth of between about 
50nm and about 200nm. It is thought that the second Pd layer provides a 
Gold (Au) diffusion barrier. 

The Au layer is thought to provide a ceiling layer, and thus is not 
expected to have any maximum depth. Such a ceiling layer has a minimum 
depth of about 300nm. Practical maximum depths of the Au layer are 
normally dictated by constraints of material cost and production cost, 
with a maximum Au layer depth of 600nm being a typical expected maximum. 

The preferred layer construction has a first Palladium (Pd) layer depth 
of between about 5nm and about lOnm and a Zinc(Zn) layer depth of about 
10nm. The most preferred layer construction is 5nm/10nm/100nm/l00nm of 
Pd/Zn/Pd/Au. 

Typical carrier concentrations of GaAs suitable for a Pd/Zn/Pd/Au obmic 
contact are in the range of about 10 18 to 10 20 cm" 3 . 



Following deposition of the contact metals it is necessary to anneal 
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M This process the deposited -to the 

^^^r,. echieue the retired oiMc oehauiour aad a low 
e^t/Orf. cootact — e. *Picsl aaaealiu* —tares aro 

, v. v non'c The preferred annealing 
between about 150 "C and about 390 C. The P 

temperature is about 200 C. 

Erestor thea .bout 250-0. «her, gr^hite strip Waters » used, then 
the OaAs sad oheic coatsct sre heated up to sbout the required mmeslihg 

t0mm ^ «. ***** — — * — 

^ ^ At ease*** temperatures belo. 250 0 the preferred 
Mt hod is that or Placid the contest hear** -atari* ta • 
^te besrios" ussy devices) on a pre-hested hotplate. T^cal*. 

^s leogthof ti» of ^aealiaeUa.pre-heated hotplate is 5 
^utes. depeoaeot apoo the hotplate .. The preferred 

• of heating the hotplate to 200°C and 

annealing programme xs that of heating 

annealing for 15 minutes. 

stable method of producing the ohmic contacts include thermal 
evaporation, electron beam evaporation and sputter coating. 

contact metals prior to use is typically about 99-999%. 



The purity of the 



^ preferred deposition rates sre .hoot 0.5 to 0.6 - for the first 
Pd .bout 0.4 to 0.5 - s"> for the Z» le^. aad about 1 aa a 

for each of the seooad Pd leper sad the Cold (Au) lejrer. 
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^ be suitable for devices. It can be seen that removal of part of 
layers 7 -d 8 (eg by etching) provides access for location of ohmic 
contact 1 in the thin p-type GaAs layer 9- Echoic contact layers 
„ere all deposited by thermal evaporation. 

to ohmic contact pattern definition, all exposed areas of the 
oevice layer struck are cleared with a solvent spray for 60 seconds, 
stable cleaning solvents being acetone or isopropyl alcohol. After 
waning, the definition of areas onto which the ohmic contacts are to 
be deposited, ie within the accessed regions to layer 8 . is carried out. 
Tbis definition is often carried by a process such as lithography. 

The first step in the ohmic contact process is the deoxidation of 
exposed surfaces of device wafer 6. This may be carried out in a bath 
of 10* NH A in deionised water for approximately 30 seconds. The device 
wafer is then dried, most conveniently by blowing nitrogen gas over the 
substrate, and transferred onto a Jig. The Jig is placed in a thermal 
evaporator such as that which may be seen schematically in Figure 2. 
Tbe drying and transfer of the device wafer into the evaporator is 
ca^ed out as quickly as possible in order to minimise the reoxidation 
of the exposed surfaces in the free environment. 

pigure 2 is a schematic representation of a thermal evaporator 20 which 
^ be used to deposit Palladium. Zinc and Gold layers on the device 
wafer 6. Jig 21. which is carrying the device wafer, is placed in a 
bolder 22. The evaporator is pu^ed down by Pump 23 to a vacuum of 10"' 
Torr or better. Slugs of Palladium 24. Zinc 25 and Gold 26 are each 
bold in vitreous graphite crucibles 27 which are an integral Part of 
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carousel 28. Heating of the crucibles is provided from an external 
power source 29 by electrical connections 30 to resistive heaters within 
the crucibles. 

The carousel is rotated to position the Palladium bearing crucible 
approximately below the device wafer 6. The carousel is raised to bring 
the crucible nearer to the device wafer, and then the crucible is heated 
sufficiently to sake the Palladium slugs 24 become molten. Monitoring 
of the deposition rate and thickness of deposited material is carried 
out by the use of crystal monitor 31. The device wafer 6 is protected 
from the evaporated material by shutter 32. When the deposition rate is 
sufficiently higji (typically about 0.4 to 0.5 no s" 1 ). the shutter is 
rotated away to reveal the patterned surface to the evaporated material. 
The thickness of the deposited material is monitored by the crystal 
monitor, wth the shutter rotated back to shield the device wafer 6 when 
5mn of Palladium has been deposited. The heating of the Palladium 
crucible is then stopped and the carousel lowered to rotate the Zinc 
bearing crucible under the device wafer. The evaporation process is 
then repeated to deposit about lOnm of Zinc at about 0.5 to 0.6 nm s* 1 . 
The same steps are also followed for evaporation of a lOOnm palladium 
layer and a MOOnrn Gold layer, both at a rate of about 1 nm s* 1 . 

Following deposition of the Pd/Zn/Pd/Au to form an ohmic contact, the 
required ohmic behaviour and low contact-device material resistance is 
achi eved by annealing to alloy the deposited metals into the p-type 
GaAs. Annealing may take place by graphite strip heater, typically for 
annealing temperatures of between about 250 °C and about 390 °C. A 
typical frogling profile for a 360 °C anneal can be seen in Figure 3- 
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Tne temperature is measured by probing thermocouple on the upper surface 
of the device substrate 6. At room temperature, point 40. the device 
WB fer is heated at a rate of 60'C/minute to a temperature of 90 "C point 
it is held at this temperature for 1 minute and then heated, point 
1,2. at a rate of 600-C/mlnute mtil a temperature of is reached, 

point 4 3 . The device wafer 6 is then heated to 360 "C. Point 44. at a 
rate of 60'C/minute. The heating is then turned off and natural cooling 
occurs. Point 43 is usually about 20 'C below the peak annealing 
temperature of Point 44 in order that the slower rate of heating can 
then be applied and greater control of the device wafer temperature be 
maintained. 

However, it has been found that superior contact resistances and 
specific contact resistivities have been achieved by use of lower 
annealing temperatures. The device wafer 6 is taken out of the Jig 21 
and placed, with the device surface uppermost, on a pre-heated hotplate.. 
Typical hotplate temperatures are between about 190'C to about 250'C. 
Annealing times vary according to the annealing temperature used, with 
typical annealing times greater than about 5 minutes. The preferred 
annealing conditions are a 15 minute anneal on a 200»C hotplate. 

Contact quality is assessed on contacts wth variable transmission gap 
structures which are fabricated on the device wafer. By using a 
computer controlled autoproblng facility all such structures across a 
device wafer may be measured for both contact resistance and specific 
contact resistivity. 



H is a histogram showing typical distribution of 
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resistance ( -mm) of ohmic contacts of the preferred layer structure on 
p. type GaAs material of 5 x 10 18 cm -3 doping level* The contacts were 
manufactured using the processing steps described above. The mean 
contact resistance is 0.05041 -mm with a standard deviation of 
0*0127 -mm* The ohmic contracts had undergone annealing for 15 
minutes on a hotplate at a temperature of 200 # C. 

Figure 5 is a histogram showing typical distribution of specific contact 
resistivity ( -cm2) of ohmic contacts of the preferred layer structure 
on typical p-type GaAs material* The contacts were manufactured using 
the processing steps described above followed by a nne ali n g for 15 
minutes on a hotplate at a temperature of 200 *C. The mean specific 
contact resistivity is 0.09489 x 10" 6 cm 2 with a standard deviation of 
0*05037 x 10- 6 cm 2 
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pi .AIMS 

1. An ohmic contact for p-type GaAs comprising: 

a Pd/Zn/Pd/Au obmic contact 
characterised in that 

the ohmic contact has a construction of a first layer of Pd with a 
depth of between 3nm and 15nm. a Zn layer with a depth of between 
5nm and kOnm, a second Pd layer with a depth of greater than about 
50nm and a Au layer with a depth of greater than about 300nm. 



2. An ohmic contact as claimed in Claim 1 where the first Palladium 
layer has a depth of between about 5nm and about lOnm. 

3. An ohmic contact as claimed in Claim 1 where the first Palladium 
layer has a depth of about 5nm. 

H. An ohmic contact as claimed in Claim 1 where the Zinc layer has a 
depth of about lOnm. 

5 . An ohmic contact as claimed in Claim 1 where the second Palladium 
layer has a depth of about lOOnm. 

6. An ohmic contact as claimed in Claim 1 where the Gold layer has a 
depth of about lOOnm. 

7 . An ohmic contact as claimed in Claim 1 where the multiple layer 
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structure has respective depths of Snm/lOnm/lOOnm/'KXtam. 

8. An ohmic contact as claimed In any of the preceding claims 
annealed at a temperature of between about 150°C and about 390 °C. 

9. An ohmic contact as claimed in Claim 8 annealed at 200*C. 

10. An ohmic contact as claimed in Claim 8 aimenlpfl for a minimum of 5 
minutes. 



11. An ohmic contact as claimed in Claim 9 annealed for 15 minutes. 
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Fig.2. 
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